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ULTRA-HIGH RESOLUTION PIXEL ELECTRODE ARRANGEMENT STRUCTURE 
AND SIGNAL PROCESSING METHOD 

TECHNICAL FIELD 
The present invention relates to a semiconductor sensor 
used for detecting high-energy x-rays and gamma rays. 

BACKGROUND ART 
For high-energy x-rays and gamma rays which have high 
transmittance, a sensor, made from materials having a high 
absorbing ability, that is having a high atomic weight, is 
used. Examples of these materials are CdTe, CdZnTe, Hgl 2 , Pbl 2 
and TIBr, and sensor elements made from these materials are 
arranged linearly or two-dimensionally, and current is read 
from an electrode attached to each element. The current which 
is read is pre-amplif ied, signal processing is performed 
thereon, and two-dimensionally arranged image signals are 
generated . 

Normally in the case of a linear sensor, elements are 
arranged in a row, and signals are guided to the pre-amplif ier 
via the wires disposed at equal spacing. In Japanese Patent 
Application Laid-Open No. H5-236210, it is proposed that the 
sensor sections are arranged in shifted positions in order to 
increase resolution in the linear sensor. 
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In the case of a semiconductor sensor, the capacitance 
between the pre-amplif ier and the sensor has a major influence 
on the read signals, but in the case of a visible light sensor 
which can handle a large signal current amount, the influence 
thereof is minor, and can be adjusted in the signal processing 
in a subsequent step. 

DISCLOSURE OF THE INVENTION 

When a compound semiconductor CdTe, CdZnTe, TIBr or Hgl 2 
is used as a semiconductor sensor for detecting high-energy x- 
rays and gamma rays, mono-crystal material pieces thereof are 
arranged linearly or two-dimensionally as elements, current 
from a respective electrode is guided to an amplifier to be 
amplified to a required signal level, and signal processing is 
performed. The present invention is a technology related to 
wiring from the elements to the amplifier. 

When these elements are arranged linearly or two- 
dimensionally, the spatial resolution is determined by the 
number of elements per unit area. Therefore to increase the 
resolution, the elements must be arranged at high density, but 
this has a limitation because of the technological 
restrictions on arrangement, such as bonding. 

To solve this problem the elements are arranged sparsely 
while maintaining element space by using a staggered 
arrangement. When this sparse arrangement is used, signals in 
the area where an element does not exist are compensated by 



signals of another element in time and in space, and high 
resolution is generated when these signals are integrated, and 
this technology is called an "ultra-high resolution pixel 
configuration". In the case of a sensor used in the visible 
light area using silicon, the amplification part can be formed 
as a layered structure with the sensor, and a micro-processing 
technology can implement sufficient miniaturization, so wiring 
problems rarely occur. 

Fig. 1 shows the connection from the linear type sensor 
section 1 to the amplification section 5. Fig. 1-a is a 
sensor wherein the sensor section 1 and the amplification 
section 5 are integrated, and the sensor section 1 and the 
amplification section 5 are formed on a plane, and Fig. 1-b is 
a sensor wherein the sensor section 1 and the amplification 
section 5 are stacked in two levels, and the signal from the 
sensor is directly connected to the amplification section. 

In the case of a sensor for high-energy x-rays and gamma 
rays however, the integrated amplifier is damaged if high- 
energy x-rays or gamma rays enter the amplifier, so the 
element sections and the amplification section must be 
spatially isolated from each other, and the amplification 
section must be shielded and protected from radiation. 
Because of this, the elements and the amplifier are connected 
by wiring. 

In this case, the capacitance, by the wiring between the 
pre-amplif ier and the sensor, increases, which has significant 



influence on the read signals. 

It is an object of the present invention that focus is 
placed on the relative value in each sensor rather than on the 
absolute value of the capacitance, and the capacitance in each 
sensor is made uniform. This is because signal voltage varies 
depending on the capacitance, which makes signal processing in 
subsequent stages difficult. 

Therefore when a staggered arrangement is used for the 
sensor section, the shapes of the electrode are designed to be 
identical so that capacitance in each element by wiring up to 
the amplifier becomes exactly the same. 

Also the difference of capacitance, due to the difference 
in the length of wires when the wires are connected to the 
amplifier, is eliminated by adjusting the width of each wire. 

The present invention is useful because when an ultra- 
high resolution pixel electrode arrangement, such as a 
staggered arrangement, is used, the sensitivity difference 
caused by the difference of capacitance can be decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram depicting a conventional sensor; 
Fig. 2 are diagrams depicting a staggered arrangement and 

a pixel shifted arrangement; 

Fig. 3 are diagrams depicting an example of making the 

mounting board of the elements the same pattern, so as to make 

the capacitance uniform; 



Fig. 4 is a diagram depicting an example of changing the 
area of the mounting board of an element; 

Fig. 5 is a diagram depicting an example of arranging two 
rows of staggered elements to face each other with a shifted H 
pitch; 

Fig. 6 is a diagram depicting the arrangement of lead 
wires from two-dimensional pins which use flexible wiring; 

Fig. 7 is a diagram depicting the arrangement of lead 
wires from the connection pins on a single layer wiring board; 

Fig. 8 is a diagram depicting the arrangement of lead 
wires of the wiring section in each level of a multi-layer 
wiring board; 

Fig. 9 is a diagram depicting the wire leading structure 

(1) viewed from the side face of the sensor on a multi-layered 
wiring board; 

Fig. 10 is a diagram depicting the wire leading structure 

(2) viewed from the side face of the sensor in a multi-layer 
wiring board; and 

Fig. 11 is a diagram depicting the shield area viewed 
from the top face of a sensor. 

BEST MODE FOR CARRYING OUT THE INVENTION 
As Fig. 2 shows, to implement high resolution, a 
staggered arrangement (Fig. 2-a) and a pixel shifted 
arrangement (Fig. 2-b) have been conventionally used for the 
arrangement of the light sensitive section of the sensor, but 



these are based on the case of visible lights, and no special 
consideration was made for making the capacitance uniform and 
for the wiring in signal reading. 

Now the configuration to make the capacitance uniform in 
each sensor is shown. 

[Example 1] 

Fig. 3 shows the patterns of the electrode sections 3 on 
a board on which a sensor is mounted. Fig. 3-a is a 
conventional pattern where capacitance is not uniform since 
the lengths of the electrode sections 3 are different. In the 
case of the improved pattern in Fig. 3-b according to the 
present invention, the electrode sections 3 are patterned in 
the same way whether it is an odd number or even number even 
if a staggered arrangement is used, in order to make the 
capacitance uniform. In other words, capacitance differs 
because of the difference in the lengths of the wires, which 
makes voltage, to be generated from the same charges, 
different, and causes output variations, so in order to 
prevent this the same electrode structure is used, where a 
portion in which an element is mounted is laid out as the 
sensor section 1, and a portion in which an element is not 
mounted becomes a dummy section 2, where the electrode section 
3 remains as is. The mounted elements result in a staggered 
arrangement . 

As a variant form of this, as Fig. 3-c shows, the dummy 



section 2 may be an area smaller than the sensor section 1, 
that is it may have the same width as the lead wire of the 
electrode section 3. In this case the density of the sensor 
can be increased. 

An image detection sensor using CdTe crystals for 
detecting gamma rays will now be described. CdTe is weak to 
mechanical impact, so most careful attention is required for 
bonding so that the characteristics of the elements do not 
deteriorate. It is difficult to fabricate many elements 
closely arranged for image detection. If a staggered 
arrangement is used, element spacing can be increased, which 
is a huge advantage in terms of fabrication. In the case of 
this example, two rows of staggered arrangements are assumed 
to be row A and row B. Adjacent electrodes have a same shape 
so that the capacitance of the adjacent electrodes are the 
same, and the width of the wires are adjusted to eliminate the 
capacitance difference between the center and both ends, so 
that the capacitance of the connection wires, up to the 
amplifier, are uniform. Wires are shielded by earth 
electrodes at an appropriate spacing directly under the 
electrodes, and the wires are connected to the amplifier as 
strip lines. The amplifier is covered by a metal shield, such 
as lead, so as to be protected from radiation. The thickness 
of the cover must be determined depending on the magnitude of 
the energy, but it is about 1 mm to 1 cm. The common 
electrode side of the element is connected to the ground 



potential by an appropriate conductive material. Fig. 11 
shows the shield area viewed from the top face of the sensor. 

What was proposed above is to make the shape of the 
electrode section 3 identical and to adjust the width thereof 
depending on the length of the wiring section, so that the 
capacitance is uniform. But to make the capacitance uniform 
other configurations are also possible. 

Fig. 4 shows the way of making the capacitance uniform by 
changing the areas of the electrode sections 3. If the 
electrode sections 3 in Fig. 4 are adjusted, the widths of the 
electrode line width decreases as the element rows move away 
from the center toward both ends, so that the composite 
capacitance of the electrode section 3 and the wiring section 
4, that are connected to the input of the amplifier, becomes 
the same for all the electrodes. In a staggered arrangement, 
the mounting positions of the elements are staggered, but the 
capacitances thereof, with respect to the amplifier, are all 
the same. 

[Example 2] 

Fig. 5 shows an example of the boards, on which the 
elements are arranged in staggered positions, disposed so as 
to face each other in order to double the number of pixels to 
further increase resolution. 

Fig. 5 is an example when two rows of staggered elements 
are facing the other two rows of elements with a shifted H 
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pitch from each other. By combining the respective two rows 
of staggered elements like this, four elements spatially 
constitute one pitch. If this configuration is used, signals 
are read alternately between the two boards facing each other, 
so an element can be read after the leak signal from its 
adjacent element attenuates, so the mutual influence of the 
signals of an adjacent element can be prevented. 

If one block of a staggered arrangement is disposed with 
another one facing each other with a shifted H pitch, then a 
pixel shifted arrangement can be easily implemented. 

If the amplifiers for the element rows facing each other 
are installed isolated from each other, high-energy rays do 
not enter the amplifiers simultaneously, and the interference 
of high-energy radiation can be recovered by compensating the 
affected signals with signals from an unaffected amplifier. 

It is assumed that the two rows of the staggered 
arrangement are row C and row D. Creating the bumps for 
alignment 11 is useful for aligning the two blocks facing each 
other . 

It is also assumed that radiation moves in the sequence 
of row B, row A, row C and row D when an object moves to 
detect the spatial distribution of the x-ray or gamma ray 
radiation. The row A signals are recorded in the addresses la, 
5a, 9a, ... of the memory, row B signals are in 3b, 7b, 
lib, . . . , row C signals are in 4c, 8c, 12c, . . . , and row 
D signals are in 2d, 6d, lOd, . . . 
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If the moving time unit of the object is considered along with 
the spatial moving unit of the element arrangement, then 
composite signals 1, 2, 3, 4, 5, 6, . . . can be obtained as 
output signals by shifting the row B signals for three units, 
the row A signals for two units, and the row C signals for one 
unit, and combining them with the time of the row D signals. 

For the timing and phase of reading signals from an 
element at this time, the present invention provides an 
improvement in avoiding the influence from adjacent elements, 
and in matching the wiring capacitance so that uniform signals 
are acquired. 

By disposing blocks with two rows of staggered 
arrangements facing each other, a four row-staggered 
arrangement is created. And by disposing the blocks facing 
each other with a shifted H pitch, these four rows of elements 
are shifted H pitch from each other. When row A and row B in 
a staggered arrangement constitute one block, row A and row B 
are shifted ^ pitch from each other. If the block on which 
row C and row D are arranged is disposed facing this block 
with a shifted ^ shifted pitch, the row D is shifted ^ pitch 
from the row A, and row D and row B are shifted H pitch from 
each other, and row B and row C are shifted H pitch from each 
other. In this way each element can be arranged with a 
shifted H pitch, from the adjacent row. 

When signals are read from each element, if the signals 
are read in the sequence of row A, row D, row B and row C, 
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then a reading time space can be generated between adjacent 
wires, and interference on the signal from the adjacent 
electrode can be prevented. In other words, if the signals 
are from A, D, B and C with a ^ cycle phase difference from 
each other, the signals can be read avoiding the mutual 
influence of A and B and of C and D. The signals read from 
rows A and B and from rows C and D are amplified and processed 
by the amplifiers, which face each other, but are spatially 
distant. This structure makes it difficult to receive 
critical influence by scattered radiation, and signals can be 
recovered easily even if influence is received. These are 
issues unique to a radiation sensor, and need not be 
considered in a normal sensor for visible lights. 

The present invention is a major advance as a radiation 
sensor, where the amplifier must be disposed isolated from the 
sensor section, since the amplifier is damaged if high-energy 
radiation enters the amplifier, and a pair of amplifiers are 
disposed spatially distant from each other in order to prevent 
the influence of scattered radiation. 

[Example 3] 

In the above description, the wiring section from the 
electrode section of the sensor to the amplification section 
is one used for a one-dimensional sensor, that is a linear 
type line sensor. However recent demands for a two- 
dimensional sensor is high. So [Example 3] proposes a 
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connection to the amplification section in a two-dimensional 
sensor . 

In Fig. 6, the electrode sections, which are led out from 
the two-dimensional sensor 9, are arranged two-dimensionally 
on the bottom face of the sensor. Each row of the two- 
dimensional terminals is connected to the amplification 
section 5 via a flexible wire 10. If the two-dimensional 
terminal is S (m, n) , then S (1, j) (j is an integer in the 1 
- - - n range) is connected to one flexible wire 10, and m 
number of flexible wires 10 are used. In Fig. 6, S (1, 1), S 
(1, 2), . . . S(2, 1), S (2, 2) . . . are connected 
sequentially from the front of the amplification section 5, 
but may be in the sequence of S (1, 1), S (2, 1), S (3, 
1) . • • S(l, 2) , S(2, 2), 2(3, 2) . . . 

Fig. 7 shows the general arrangement of the lead wires on 
a printed board. In this case as well, the structure to make 
the capacitances uniform can be used. 

In the case of multi-layer boards, wires of each level 
are arranged as shown in Fig. 8, and the boards on each level 
are overlaid as shown in Fig. 9, and the wires from the sensor 
section 1 penetrate vertically and are connected. For this 
wiring as well, the structure for making the capacitances 
uniform can be used. 

As shown in Fig. 10, the patterns on the first to fourth 
level can be the opposite of those in Fig. 8. 
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INDUSTRIAL APPLICABILITY 
By making the capacitance of the wires uniform, the 
sensitivity unevenness of the sensor decreases, and signal 
processing in the subsequent stages becomes easier. Also by 
disposing identical sensor boards facing each other, the 
number of elements can be doubled easily, and by acquiring 
signals alternately from each board facing each other, the 
influence of leak signals of an adjacent wire decreases, and 
images become clearer. 
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